Study and determination of an optimum design for space utilized lithium doped solar cells Quarterly report by Downing, R. G.
FIRST QUARTERLY REPORT
STUDY & DETERMINATION OF AN OPTIMUM DESIGN FOR 
SPACE UTILIZED LITHIUM DOPED SOLAR CELLS 
R. G. Downing 
15 October 1969
	 J. R. Carter	 131546003R000 
Contract 952554 
Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California 
TRW Systems Group 
One Space Park 
Redondo Beach, California 90278
https://ntrs.nasa.gov/search.jsp?R=19690031851 2020-03-12T04:22:51+00:00Z
1 
FIRST QUARTERLY REPORT 
STUDY & DETERMINATION OF AN OPTIMUM DESIGN FOR

SPACE UTILIZED LITHIUM DOPED SOLAR CELLS 
15 October 1969
	
131 54-6003-RO-OO 
Prepared bp,	 Approved by., 
)1 /.' 
R. G. Downing
Contract 952554 
Jet Propulsion Laboratory 
California Institute of Technology 
Pasadena, California 
TRW Systems Group 
One Space Park 
Redondo Beach, California 90278 
This work was performed for the Jet Propulsion Laboratory, California Institute 
of Technology, as sponsored by the National Aeronautics and Space Administration 
under Contract 952554.
ii	 131 54-6003-RO-OO 
TABLE OF CONTENTS
PAGE 
I. INTRODUCTION	 1 
Hall Measurements	 2 
Carrier Removal in Cells
	 4 
II. PROGRESS IN THE NEXT REPORT PERIOD
	 5 
FIGURES 
1. CARRIER CONCENTRATION CHANGES IN IRRADIATED 
LITHIUM DOPED FLOAT ZONE SILICON 	 6 
2. CARRIER REMOVAL VERSUS LITHIUM CONCENTRATION 	 7 
3. HALL COEFFICIENT VERSUS TEMPERATIRE, LITHIUM 
DOPED FLOAT ZONE SILICON 	 8 
4. RECOVERY OF LITHIUM DOPED FLOAT ZONE CELL 	 9 
5. RECOVERY OF LITHIUM DOPED QUARTZ CRUCIBLE CELL 	 10 
6. CAPACITANCE VERSUS TEMPERATURE, LITHIUM DOPED 
QUARTZ CRUCIBLE CELL	 11
13154-6003-R0-00 
ABSTRACT 
The first quarter's efforts on this contract have been directed at 
solution of the theoretical problems associated with use of lithium 
doped silicon solar cells. Studies on carrier removal during electron 
irradiation have been extended to lithium doping levels of less than 1016 
atoms/cm3 . In this range carrier removal becomes a two step process. 
The first step is carrier removal during irradiation and the second a 
time dependent removal after irradiation. The two steps appear to be 
respectively associated with the processes of damage and recovery in 
lithium doped cells. The removal rate during irradiation appears to be 
a function of fluence and lithium concentration. The quantity of 
carriers removed during the time dependent phase is at least twice that 
removed during the irradiation. No new defects are detected after the 
completion of the time dependent removal. Capacitance studies of lithium 
doped quartz crucible cells indicate that considerably less lithium is 
consumed during irradiation compared to a float zone cell. The recovery 
period, however, is similar to the float zone cell in this respect. 
Capacitance studies as a function of temperature have been instituted 
and appear to have potential for future investigations.
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INTRODUCTION 
• The principal theoretical problem remaining, in connection with the 
study of radiation damage in lithium doped silicon, is the confirmation 
of a physical model for the production and annealing of damage in this 
material. There have been four approaches to this problem to date. 
Since' two types of silicon (float zone and quartz crucible) have been 
used in these studies, all of the results can not be compared. The 
results can be summarized as follows; 
1. Vavilov, et. al. has suggested that in quartz crucible silicon, 
damage results from "A" center formation and annealing results from pairing 
of "A" centers with lithium donors. 
2. The RCA group has proposed the damage recombination centers of 
Li-V - in float zone and Li-O-V in quartz crucible silicon. The annealing 
occurs by pairing of lithium donors with the respective damage center. 
3. The TRW group experiments support the concept of Li-V - formation 
during irradiation with annealing by reaction of one or more lithium 
donors with the recombination centers. 
4. Stannard of NRL has irradiated lithium doped float zone silicon 
at lower temperatures and allowed it to recover at room temperature. The 
results indicated that the irradiation resulted in the production of an 
unidentified deep acceptor. A similar loss of lithium donors occurred at 
the same time. During the room temperature anneal the deep acceptors were 
removed. A loss of lithium also occurred during the annealing. The lithium 
loss during annealing was roughly twice the deep acceptor loss. 
In general most investigations support a view in which lithium donors 
react with displacement products to form the dominant recombination center. 
Annealing is caused by the reaction of one or more lithium donors with the 
recombination center. Such a model explains most of the observations 
which have been reported for lithium solar cells. The only major effect, 
which remains unexplained by this model, is the redegradation observed in 
heavily doped cells. It must be emphasized that these conclusions are 
reached by indirect means and are in need of confirmation. Our own work
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has involved very heavily lithium doped samples which are not typical 
of doping levels in solar cells. For this reason, we are extending our 
observations to include silicon with less than 1015 Li atoms/cm3. 
Hall Measurements 
To study more lightly doped specimens, lithium was diffused into 
wafers of 1000 ohm-cm n-type float zone silicon to make several Hall 
specimens. The lithium concentrations ranged from less than 1016 to 
slightly greater than 10 14 Li atoms/cm3 . Our studies of more heavily 
doped silicon indicated that all carrier removal occurred nearly instan-
taneously during irradiation. We have assumed that the greater lithium 
concentrations drive the damage production and recovery reactions to 
completion during the irradiation. This behavior is radically changed at 
lower lithium concentrations. In this lower range, carrier removal occurs 
during irradiation, but continues for long times after completion of the 
irradiation. This behavior is illustrated in Figure 1. This figure includes 
the results from the irradiation of four lithium doped specimens. 
The carrier concentrations were determined by measurement of Hall 
coefficients. The carrier concentration before and after irradiation are 
shown on the ordinate. A time dependent loss of carriers is apparent in 
all specimens after irradiation. The loss during irradiation appears to 
be related to the initial lithium concentration and the electron fluence. 
The form of time dependent loss is not easily defined. In the case of 
sample E-5 the time dependent loss is roughly twice the loss during 
irradiation. Although the carrier concentrations of the other three samples 
have not reached a stable value, it is apparent that the time dependent 
loss of carriers will beat least twice that lost during the irradiation. 
We. have previously suggested that the damage and recovery reactions 
are as follows: 
Damage:	 V + Li + 2e - Li-V_
 
Recovery: Li-V_ + Li	 Li-V-Li 
The capacitance measurements which we reported in the previous final report 
indicated that during the recovery of float zone cells, more lithium was 
consumed than during the irradiation. The above model is not consistent
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with the greater loss of lithium during recovery. Stannard's results 
indicate the loss of approximately two lithium donor atoms with the 
annihilation of a radiation produced deep acceptor. There appears to be 
enough evidence now to indicate that modification of the above model will 
be required. 
Asecond point of interest regarding these specimens is the rate at 
which the carriers are removed during the irradiation. Our previous work 
in heavily doped silicon has indicated that the removal rate is an 
exponential function of electron fluence. It is not clear from the work 
what behavior should be expected with lower lithium doping levels. We have 
already observed that the removal process divides into a degradation and 
a recovery step at lower lithium doping levels. The removal data for the 
lightly doped specimens can. be
 studied in Figure 2. The number of carriers 
removed during irradiation divided by electron fluence is plotted versus 
the initial lithium concentration of the sample. In general the carrier 
removal decreases for samples of lower lithium concentration. This result 
is in conflict with that found in lithium cells with similar doping levels. 
In these cells the removal rate was constant at 0.05 cm- 1. Since lower 
fluences were used on some of the cells, a direct comparison may not be 
valid. It is necessary to do considerably more work to establish a true 
nature of carrier removal in silicon with this doping level. 
The measurements of Hall coefficient at various temperature for 
sample E-5 are shown in Figure 3. Only the room temperature data is shown 
immediately after an irradiation of 3xlO 15
 e/cm2 . Again the greater loss 
of lithium during the room temperature storage can be compared to the loss 
during irradiation. The shape of the data curve after storage indicates 
that the net effect of the irradiation and storage was a loss of lithium 
donors. The Hall mobility values increased in a manner that indicates a 
loss of lithium donors and no acceptor formation in the final state. The 
measurements could not be extended to liquid nitrogen temperature because 
of noise signals present. Further work is planned to correct this problem.
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Carrier Removal in Cells 
During the previous year we. instituted a series of capacitance 
measurements to monitor the changes in lithim concentration at the junction 
during and after irradiation. The data was correlated with the degradation 
and recovery of short circuit current. A previously reported analysis of 
two float zone lithium cells is shown in Figure 4. The data shows a 
loss of 2x10 14 lithium atoms/cm3 at the junction during an irradiation of 
3x10' 5 e/cm2 . The indicated removal rate is about 0.07 cm. Recently 
a similar analysis of a quartz crucible lithium cell was completed. This 
data is shown in Figure 5. In general the results are very similar to 
those of float zone cells, in that a large decrease of lithium concentration 
occurs simultaneously with a recovery of the degraded short circuit current. 
The point of interest is that during the irradiation of 3x10 15
 e/cm2 , only 
2x1013 lithium atoms/cm3 are removed. This is an order of magnitude lower 
than that observed in float zone cells. Since the lithium lost during 
recovery is comparable in both cases, one can assume that similar numbers 
of damage created recombination centers were present in both types of cells. 
Even if the damage centers are un-ionized in the crucible cell, the quantity 
of lithium removed during irradiation would not be adequate to allow a 
lithium atom in the structure of each damaged center. This result tends to 
support the model of an entirely different damage center in the case of the 
quartz crucible cells. There is not enough evidence, at present, to draw 
any conclusions at this time. This point will have to be clarified in 
future work. 
Additional studies of irradiated quartz crucible cells were done as 
a function of temperature. A full analysis of this data has not been 
completed, but the capacitance and conductance values of the cell are shown 
in Figure 6. The before irradiation measurements indicate that the capacitance 
remains nearly constant between room and liquid nitrogen temperature. Such 
data indicates a relatively small charge of lithium concentration at the 
junction in the temperature range studied. After the irradiation the 
capacitance values are nearly unchanged at higher temperatures. At lower 
temperatures the capacitance decreased to much lower value. This behavior
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is suggestive of the Fermi level passing through the energy level of a 
deep level. The peak in conductance values also implies this condition. 
Such a simple analysis, however, is not adequate in the case of a p/n 
junction. Other behavior can cause the capacitance to change as a function 
of temperature. When the sample in Figure 6 was annealed for 120 hours at 
100°C, the short circuit current recovered to 38 ma., and capacitance values 
shifted lower at all temperatures. The conductance peak also shifted to 
higher temperatures and broadened. The full meaning of these changes is 
not clear at this time; however, the general method of studying lithium 
cell capacitance as a function of temperature appears to offer a promising 
tool for analyzing radiation damage. 
II. PROGRESS IN THE NEXT REPORT PERIOD 
During the next month we intend to pursue the work discussed in this 
report, with the aim of confirming a satisfactory model for the degradation 
and recovery.
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FIG. 2 CARRIER REMOVAL VERSUS LITHIUM CONCENTRATION 
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FIG. 3 HALL COEFFICIENT VERSUS TEMPERATURE, 
LITHIUM DOPED FLOAT ZONE SILICON 
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FIG. 4 RECOVERY OF LITHIUM DOPED FLOAT ZONE CELL 
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CARRIER CONCENTRATION AT JUNCTION (CM-3) 
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FIG.5	 RECOVERY OF LITHIUM DOPED QUARTZ CRUCIBLE CELL 
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FIG. 6 CAPACITANCE VERSUS TEMPERATURE, LITHIUM 
DOPED QUARTZ. CRUCIBLE CELL
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